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RETROVIRAL VECTORS CONTAINING INTERNAL 
RIBOSOME ENTRY SITES 
This invention relates to the production of a retroviral 
vector which is capable of expressing n,ultiple protein 
translation events fro. a single polycistronic .RNA; without the 
use of internal promoter elements. 

Retroviral vectors are useful as agents to mediate 
retrovlral-mediated gene transfer into eukaryotic cells Such 
vectors are generally constructed such that the majority of 
sequences coding for the structural genes of the virus are 
deleted and replaced by the gene(a) of interest. 

These new genes have been incorporated into the proviral 
backbone in several general ways. The most straightforward 
constructions are ones in which the structural genes of the 
retrovirus are replaced by a single gene which then is 

lllZT.Tr^''^ '"^^ °' regulatory sequences 

within the long terminal repeat (LTR). Retroviral vectors have 
also been constructed which can introduce more than one gene into 
target cells. Usually, in such vectors one gene is under the 
regulatory control of the viral LTR, while the second gene is 
expressed either off a spliced message (1, 2) or is under the 
regulation of its own. Internal promoter. 

Efforts have been directed at minimizing the viral component 
Of the Viral backbone, largely in an effort to reduce the chance 
for recombination between the vector and the packaging-defective 
helper virus within packaging cells. A packaging-def ectlve 
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c=«T-v to provide the structural genes of a 
ne.per v.ru. l; ';^llll^Zl Z,^,^^ .he vector its«X.. 

r=pecLlLed Sectors «ach vector bein, applicable only 
creation of =P«=^f desirable that a vector 

" ^''''"^"^t rb! abir::;cK co„.i.te.tlv .amtams t^e 

clonxn, „..i„al fleKibillty in 

"TtlHLrr S^t e chal^ee'm ,ene position, or in the 
vector design remilatory 8equence(s) with the gene of 

3peclfi= ,,Leren=es in vector titer or in 

interest can lead to p ^^^^^^^ ^^^^^ ^^^^^ 

: -sigls retire the use of internal promoter 

T in a retroviral vector in order to initiate an internal 

P° ^ 4 i« that it has been observed that if 

transcription units is that, it ^^^^ gene 

suppression (3,4). 

cTTMMAPY OF INVENTION 

4.^«r, -relates to a retroviral vector which 
The present invention relates to a expression 
o « first DNA sequence which encodes for the expres 
encompasses a first DN qu ^^^^^ ^^^^^^^ 

Of a first — ^ -^^-"^^ ^ 

expression of ^ J ^^^^ ^^^^ ^e first 

promoter sequence for exp ^^^^^^ ^ibosome entry site 

and second DNA sequence and an internal r ^^^^^^ 
^ ^ « first and second DNA sequence. The promoT: 

between the fxrst ana internal ribosome entry 

^-v,^ f^rBt DNA sequence, the internax 
sequence, the firsr uwn h „^»hiv linked in the 

3ite and the second ^^^^^^ /-Xrir^r and expression 

rrsrarsronrireSe:^^^^^^^^ - - — 

by the promoter sequence. 
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An embodiment of the present inven^ir^r, 

entry site is from a picornavirus . 

Gene expression in the picornavirldae faraiv of < 
unusual in that their 5' n,PM. . . " ^ viruses is 

T:neir 5 mRNA terminus is pUp a„ri n, 

long untranslated leader sequences (5-6) T """"^ 

Plcornaviruses indicate that the. aL ahle ^ ^ sM. , , 

idehti.i.d'in"^e ^-^^-Z^l.'^^ 
pi cornavi ruses which r-«r, , «y-ions of 

u ^ removed from their viral 

linked to unrelated genes to produce polvcist! ^^^al setting and 
(8,10,12). t^ioauce polycistronic mRNAs 

Embodiments of the present invention relat. ^ 
linking picornavirus IRES elements to Iriou ^e ^"7^"'' 
Insertion of these IRE<; r,«« ^ . various genes and the 

Picornavirus iHKs vectorr^iiT:: ^ pr.rro": 

fron, a single vector without alternate spUci'a 
transcription units thus eliminating the^p t tt.a": T'''^ 
suppression. Additionally, the coupling or tra"slatio T 
(or .ore, different proteins may have signlfic" 
human gene therapy where the expression iT ^ "''P"""""^ 
.uiti,, ^^^^^^^^ --onj sX7:3"fV^ 

multimeric protein is necessary. ^ 

BRIEF DESnRIPTIQN nr >r»r- pr,^vfy^ 

vector LHctSN. Below is sho«, the autoral " ' 

analysis <1 hr. incubation, La^I 1 proT ^"'^^ 

..hp™., lane o j.t .li.rtr^rdu^rcrurr r 

xane l CtSN transduced NIH/3T3 cells. 



PCr/US92/06572 

WO 93/03143 

-4- 

, mo vector. Shown on the top of the figure 

figure 2 EMC » ^^^^^^ 

is a dla,ra. ^l ^l^^^'^'Z,,, ,3 shown photomicrographs of Ifi 

vectors. c-i,™ on the top of the figure 

o ADA EMC Vector. Shown on tne uw^^ 
Figure 3. ADA bn^ r.M^EA and the control ADA 

4-v,« FMC/ADA vector GlNaEA, ana v-^^^ 

" ^ ° a^l A Tarch ,el analveie for .DA en^v^e 

vector, SAX. Panel A, Ivsatea were ueed for each 

.ct.vit,^e^a. — ^aJ an. nouee <«o, AOA .n.v™aa 

sample, the location of ^^^^^^ ^^^^^^ 

are indicated. Lane 1, SAX P transduced 3T3 

producer cells; ^ ^ ;„ cells. Panel B. 

cells; and lane S, ^l^aEA ^^^^ 
Northern blot analysis using 20^g of ^ ^ 

indicated probes; ADA, anes and 2^ ^^^^^ 
were as follows; lanes 1 and 3, BNA f transcripts 
o i. RNA from GlNaEA producer cells. 

lanes 2 and 4, kna indicated. 

TTR or SV40 promoters are as 

originating ^^J^.^^^ Vector. Shown on the top 

4. ^^J^ J (SCD4.ADA, and NEO, 

Of the fi^re is a diagram of ^^^^^^^ ^^^^^ 

triple gene vector^ Bel ^^^^ ^^^^^^ 

r^ral^^ol! control, and - amounts o. eCD4 

produced in ------ Te-Tetttr "shown on the top 

Kigure = ' ^/^j., ,«EASCt (NEO, ADA, and CAT, 

Of the fi^re is a diagram o ^^^^^^^^^^^ „,„,tant CAT 
triple gene vec"- B-el ^^^^ , „.„b.r 1-12), and 

activity from 12 G«8 pr ^^^^^ 
tl^e titer measured on NXB/3T ^^^^ 
the producer cells. l^an HIH/3T3 cells, human 

producer cell clones (numbers 1-12 - ^ 

ADA bands are indicated. 
(Hu, and mouse (Mo, Transduced Cells. Panel 

Figure. 6. Expression xn Trlpi. _,,„,i„ from 12 NIH/3T3 

A, resultant autoradiogram of CAT enzyme analysis 
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cell populations traneduced and e.lacted with supernatant f 
the 12 producer cell clonea in Pi^,, s. Panel I ZTT. T 
analysis anal.sia .ro. . ..„/3X3 cell population 'tZ.duL a::' 
.elected with supernatant fro. the 9 indicated producer ce i 
Clones used in Fl^re S. Control 3X3 cells were in lane C the 
position o^ the hu.an ,Hu, and .ouee ,Mo, ADA bands are 
indicated, all hunan ADA bands were easily visible m the 
original wet gel. 

Figure 7. Polio IRES Vector. Shown on the top of the 
fl^re are diagrams of the CAT constructs tested in this 
experiment. Below, autoradiogra. of the CAT en.y.e analysis ,1 
hr. incubation) from 0418" producer cell lines tr.n„f J. 

DETAILED np.;r~»T,n-r^f) pp. ^ TM„rxrr,^f| 

orovJ' Object Of the present invention to 

provide a retroviral vector which is capable of expressing 

ZllT Z7 " """^ ^"^""^^ ribosome entry 

for^e T T " ""^ sequence which encodes 

Which encodes for the expression of a second protein. The vLtor 

eltrv Sit b t -guences and an Internal ribosome 

entry site between the first and second DNA sequences. All of 
these elements (the promoter se<^ence. the first DNA sec^ence 
the internal ribosome entry site and the second DNA sequencer are 
operably linked in the retroviral vector to produce pol^ci I oLc 
^RNA and expression of first and second Independent proLils frol 
the nRNA expressed by the promoter. Proteins from 

An embodiment of the present invention provides for the 

entry site is from a picornavlrus . An embodiment of this 
e.-cpresslon vector wherein the picornavlrus IRES is from 
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^^»<^«-rablv nucleotide nos. 163 to 
encephalomyocarditiB virus, preferably, n 

Ano-cnei. poliovirus, 
vector wherein the picornavirus IRES is irom p 
vec-cor w -JO to 640 of poliovirus. 

provide for the first promoter bein, LTR sequences fro. 

""°ladlti!rxry; present invention provides for a 

Addltionelly, preferably a 

rr:e I(" «.i" as btl ,eneti=aily engineered usin, the 
human celKs «hi ^,p„„ntative examples of such human 

"rir Ur^es, LdotheUal cells, bone marrow cells, 

"''"'J;::::; ::;ect of the present invntion provides a process 
.or p'ducin, a retroviral vector capable of P^"^- 

• 4- mSNA and capable of expressing at least two 

polycxstronlc mWIA and P ^^^^^^^ ^^^^^^^ ^ 

independent P"*"^"- expression of a first 

,irst for encoding the expression of a 

p„te n, a second ™^ «^ ^ expressing 

eecond P"*^^- ^//^^^ ee,^ences and an internal 

from both the first ana eecond DNA 

ribosome entry site between said and first an 

sequences. ^^^^ present invention 

^ etO^odiment of „ identified above 

provides for P"^-^"' \^;";;^::Le of a retrovirus genome. 

Wherein the ""^^^^^^^f^/re process described above provides 
A further embodiment °^ ^ , picornavirus. 

for the internal ribosome entry to 

Kxamples of --J^^^rrriy niro^de "s, ie3-V.e and 

;:r:r°rf:ra:iy^::=ieotide «os. .-e.o^ - mouth 

. ^^o-Ferablv nucleotide numbers 369-804. 
disease virus preferaoiy 
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Additionally the process described above provides for an 
an..al cell which .ay be genetically engineered usinrthe 
retroviral vector produced by the above process 

m a preferred embodiment the retroviral vector „iU contain 
at least one DNA se<^e„ce which encodes for the expression of a 

broadest sense and .eans any protein or material which has a 

the f f °" ^''^ ^•^«"P-«c protein .ay be 

the form Of one or more proteins. As representative examples 
there may be mentioned: soluble CD-4. Factor VIII Factor ix' 
von Willebrand Factor, TPA. urokinase; hirudin. t^e interf rons- 
tumor necrosis factor, the interleu.ins, hematopoieti ^"wth ' 
factors (C-CSF, o«-CSF. 1.3, erythropoietin,, antibodies 
glucocerebrosidaee; adenosine dia^inose (ADA,; chloramphenicol 

hXxylaeT h""' ^-.alatosidase (»-,al,.. phenylalanine 

hydroxylase, human growth hormone, insulin, etc. The selection 

: - P^teiTisitd .o 

elam "'""'"^ constructed to include the 

such retroviral vectors are as follows, Moloney leukemia virus 
spleen necrosis virus and vectors derived from retroviruses such 

which may be constructed in accordance with the present invention 
are described in the examples hereinbelow invention 

describeH ^'^^ " = d^^^) have described a 

ti n J WT :f ""^^ °" (Annentano. 

et al. J^J^., 61:1647-1650) containing a series of deletions 

between the vector and packaging systems. These changes have 
also reduced the likelihood that viral proteins would be 
expressed^ In the first of these vectors, LNL-XHC, there was 
altered, by site-directed mutagenesis, the natural AIO start 
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TAr thereby eliminating unintended protein 
condon o. ^^^^UJ^' Z L Moloney .u.ine leu.e^i. virus 
.^thesxs fro. t^t po ^^^^ ^^^^^^^ 

1" w.iL : L^^ts expression o. anotHer .lycos.X.ted prote.n 
^nPr805^9) Lloney murine sarco.a virus (HoMuSV) has 
(pPrSO ). « y including a frameshift and loss of 

alteram ons in this 5 9 ^^^^^ ,,p„asio„ of the 

glycosylation ^ Therefore, the vector LNL6 „aa nade, 

a^ino terminus °^ ' i,^L-XHC and the S' 

„,i.h -co-"-- r str! of the U, vector series thus 

portion of HOMUSV. The 5 retroviral reading 

eliminates the possibility of expre antigents in 

frames, with the suhae<^ent P-^-^^^-^^'/t:: .^..Lation to 
genetically tranea^ced -^^^^^^^^ 

iriLZI^rTnvTeacL immediately preceding the 3. ... 

in the <^/^^ ^^^^ ^„„ibed that picornavirus lEES 

Herein "PP^^J-^^ ^various genes and that the gene-IR.S 
elements can be linked to ^^^^^ translated to 

eliminatxng the P°^="f °' ^ different proteins 

Z re^fg^I^cr arpU^i:: il — gene therapy where the 

-^^rdrtiirii: tLrrrc—g — 

in the same construct using combinations of the EMC and 
poliovirus IRES elements can be ^„„,„iptio„ event 

-^'t: rcrsror:-: :r :o:id be tLnsiated to 
Tei: :rrtrs without ----ryTed fir"^- 

the r^rr or gene therapy 

therapeutic purposes in the area or g 
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in humans, the vector may also be employed for transducing calls 
for in vitro applications; i.e., producing two different proteins 
m eukaryotic cells. 

The coupling of independent protein translations can have 
several advantages in human gene therapy situations where 
multiple proteins are needed. An example, of such a situation 
includes engineering cells to express heterologous proteins which 
are more efficient at a given task (e.g. reducing the 
thrombogencity with combinations of TPA plus UPA). it may be 
further advantageous to have the production of a potentially 
physiologically dangerous protein be coupled to that of a 
conditional cell lethal protein (e.g., tumor necrosis factor with 
herpes virus thymidine kinase). 

The following examples are intended to further illustrate 
that internal . ribosome entry sites can be used to produce 
expression vectors capable of expressing multiple genes, however 
the scope Of the invention Is not intended to be limited thereby.' 

MATERIAL AND METHnng 
(A) Molecular Constructs. AH molecular construction technique, 
used were under atandard condition, aa deacribed previoualy (25) 
GlN2ECt and GlN2EBg vectora. were constructed from the T7 RNA 
polymerase expression plasmids pOS6 and pOS8 respectively (13 
14); B. Mo.a, National Institutes of Health, Betheada, MD, 'os6 
was constructed by ligating the O.Skb Ncol-Bam HI fragment of 
PI7EHCAt (13) B. MOSS, National Institutes of Health. Bethesda 
«D) into Nco I-Bam HI sites of the pTHl vector (26, Bernard Moss 
National Institutes of Health, Bethesda, MD). pOSS was 
constructed by Eco RI digestlon/Klenow fill-in and aelfligation 
followed by digestion with Bam HI and ligation with the 3 . 0.a> Bam 
HI fragment of pllx fl(Bernard Moss, National Institutes of 
Health, Bethesda). cla I plus Bsp Mil were used to excise 
T7-EMC/CAT,and T7-EMC/B-gal expression cassettes. The resulting 
fragments were made blunt ended by Klenow fill-in, and ligated 
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30 cycles: 92 C, ^ miw „rfdition (luM each 

— -3- in lOCI vo.u„e containing SO^ KCX^ 
5 -ITTGITAGCA ^^^^^^^^ ^^^^^ ^p, 

10n>M Trls-HCl pH8.3, 1.5m« ^ 2 f„^ent with Xho I end. 

and 2. Sir Taq DNA polymerase) to yield a ir 

r J i„l-o the Xho I site Bluescript II 
which was pEMC-F. BCR (30 cycles: 

SKMStratagene, La Jolla CA) to yi P ,,„iiarly used 

92°C, 2 min., S6 C 2 m , ^ , .15CGAGACCAIGGGACAGACOCCC-3 ' 

(l^m each oligonucleotide P^j-"«" containing 
plua 5'-CGGAAGTGTGAICACCTAGGCGAC-3 1°°''^ 

SOmH KCl, lOmM Tris-HCl pH8.3, 1.5,^ f trproduc! a fragment 
each dKXP, and 2.St, Ta, DHA -^'^ ^rj^rrt^^ector I^O, (H. 

containing the JJ^^^ ^ ft — " 

„e.ch Anders^ Hational^I^^ ^ ^^^^ , 

Lnrel-inrthe corresponding sites in P^C^. .= Produce 

- r^i^irnrr iTi :::i" i - - ^ 

digeetion/Klenow fill in P ^ retroviral vector 

cut/T4 DNA P°^Vmerase fill in^P ^^^^^^ 

pGl^a. - P"-"/;^^^^-"^^, «e„ produced hy inserting the 

gene cosntructs. LSCSN a ^ ^^^^ 

soluble CD4 gene '^'^J"'; „a respectively 

CD4, or "X (for ^^^^ ^^^^^^^^^^^ <,^„„r Center, Seattle, 

(15) (A. Dusty Hiller, ^"^ ECADA by Xba I 

„A) . The EMCADA frag,.ent was J„ ,,,,,ed to Bam 

----"/^^-tlJ^irSurx^oTJscrto produce .SCKAS«. Xo 
HI f ";^^^^":,2ated With Xho I plus Xba I, filled 

produce f 33, HI cut/Klenow fill-in I^SvCt. 

in with Klenow and ligatea ro 
The polio IKES vector was constructed by ICR 
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amplification/restriction site addition ( IpM each oligonucleotide 
primers 5 ' -CCCAGATCTCCACCTGGCGGC-3 ' plus 

5'-ACCGGAAGGCCTATCCAATTC-3' in lOOul vol,,™*, ^ ^ • . 

xuuMi volume containing 50mM KCl 

lOmM Tris-HCl pH8 . 3 , 1 . 5mM MgCl^, O 1»/ oelat-ir. onn m 

^ 2 ^--^^ gelatin, 200mM each dNTP 

and 2.5U Tag DNA polymerase) using pPVlS as a template (7) 
Bernard Moss, National Institues of Health, Bethesda, MD) ' The 
PGR generated a fragment with Bgl li and Stu I ends which was 
ligated into Bam HI plus Stu I cut LNSvCt to yield LNPCt The 
vector GlNECt is similar to GlN2ECt but contains a sllghlty 
different NEO gene. Vector GlNaNECt was constructed by Nco I 
digestion/Klenow fill-in plus Xho I digestion of pTMl, followed 
by ligation in to Bam HI cut/Klenow fill-in plus Xho I cut 31Na 
LCtSN and L CtSN were constructed by ligating a Hind HIII " 
cut/Klenow fill-in CAT fragment into the Hpa I site of LXSN and ' 
L XSN respectively (the L«XSN vector is the same as LXSN but with 
a substituted U3 region from Harvey murine sarcoma virus (Larry 
Couture, National Institutes of Health, Bethaesda, MD) The 
preparation of vectors pGlN2, pGlNa, and pGlN2SvBg is disclosed 
m WO91/10728, M. Eglitis, et al. 

CELL CULTURE AND VECTOR PRODUCTION 
Retroviral vector producer cell lines were generated by the 
micro-ping-pong procedure (16,17). m brief, 50 ug of DNA was 
used to transfect (via calcium phosphate coprecipi tation ) a 
mixture of , the ecotropic packaging cell line GP+E-86 (23) (Arthur 
Banks, Columbia University, New York, N.Y.), and the amphotropic 
packaging cell line PA317 (24) (A.D. Miller, Fred Hutchinson 
Cancer Center, Seattle, WA) . The packaging cell line mixtures 
are maintained in culture for at least one week to permit vector 
amplification. Selection for vector integration is obtained by 
growth in the presence of the neomycin analog G418 (400 ug/ml 
active concentration). Recombinant retroviral vector 
preparations were prepared by harvesting cell culture medium from 
confluent 100mm tissue culture dishes following 24 hr incubation 
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• nCMl fresh culture medium (Dulbecco's modified Eagle's medium 
i -TIo-/ fetal bovine serum). Cell free supernatants were 
„ fi xation t^rou,. O... um fl^er umts and stored 
::' "c until use. Transduction of mouse .IH/3T3 cells was 

r.ted by incubation with recombinant viral supernatant 
conducted by IncuD followed by 

containing 8 ug/ml polybrene at 37 C for 2 hr, 

„moval of virus-containing medium and replacement with fresh 
"ftlrl TJL. Transduced cell populations were selected by 
culture meaiui clones were 

growth in G418 (400 ug/ml) for 10 14 day 

— — ;r^^^^^ - 

losing cells (at 4»C, in 0.2SM ^fat 3 «C I mfn, heating 

followed by freezing on ^ ^ ^J/, „ntrifugation 

to SO-C (15 min) and removal of cellular debrl y 

sped, eppendorf microcentrifuge, 4"C, 5 min) . After 
allztiion for equal amounts of protein (Bio-Rad Protein 
normalization for egu . „.th acetvl-CoEnzyme A and 

^,„y,, cell extracts were -^■'f "^f ^f^'for l-4^ours as 

:i::::n"r: ::a:Va:ge o: cat activity. 

"LlLri L: l.Vl-d prducts were e.-cte-ith ethyl 

acetate and applied to ^ ^^Z^^^:^ ^'^^^r. was 

Chromatographs were run in 954 CHCL3 ^ 

obtained by autoradiography and quantitation by direct 

oDtaine i „ ^. tLC plates on a Betascope 603 

particle counting of the TLC ^ ^^^^3^ assays were 

instrument. In situ = the amount of enzyme 

formaldehyde agarose ge s '^^"^ J ^^^^ 3^„,i, 

Biotex, ^-°;^;^^'-3„tLle CD4 levels were measured using a 

,els as described (19)^ S . Cambridge, 

CD4/gpl20 capture ELISA (Amern-an 
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Construction of EMC reporter gene vectors. To determine if 
the picornavirus IRES elements could function in a retroviral 
vector, we transferred two IRES - containing prokaryotic reporter 
genes from plasmids pOS6(CAT) and pOS8 (0-gal) into 
NEO-containing retroviral vectors. The two plasmids (pTMl-/CAT 
pTMl-Bgal) use the IRES from encephalomyocardi tis (EMC) virus to 
increase the translation of mRNAs expressed from a bacteriaophage 
T7 RNA polymerase transcription unit (13,14). The two reporter 
gene vectors constructed, GlN2ECt and GlN2EBg, were then 
introduced into retroviral vector packaging cell lines along with 
control vector and plasmid DNAa. In the first experiment (Fig.l) 
we transfected the pTMl-CAT plasmid (lane 1), GlN2ECt (lane 2) or 
L CtSN (lane 3) into a PA317/GP+E-86 coculture and expanded the 
cells in culture for two weeks to allow vector spread. Cell 
lysates were prepared and ecjual amounts of protein used to assay 
for CAT activities as described (see methods). Figure 1 clearly 
shows significant CAT activity, from the GlN2ECt IRES vector in 
comparison to the activity driven by the very strong chimeric LTR 
in L CSN. No activity is seen in the control cells and CAT 
expression is dependent on the presence of an IRES element (Fig. 
7). Quantitation of CAT activity, performed in the linear range, 
indicated that GlN2ECt containing cells produce 55% of the AtSN 
activity. To rule out the possibility that the EMC IRES was some 
how serving as a promoter element in the context of a retroviral 
vector, a construct with the EMC/CAT fusion in the reverse 
orientation was produced and tested. No CAT activity was 
observed from the reverse orientation EMC/CAT vector (data not 
shown) . 

Retroviral vector containing supernatant from the GlN2ECt 
and L CtSN producer cells was then used to transduce NIH/3T3 
cells. Following transduction, the cells were cultured for five 
days and then harvested for CAT assays. The CAT activity for 
GlN2ECt transduced 3T3 cells (lane 4) and for AtSN transduced 
3T3 cells (lane 5) is shown in Figure 1. The data indicate that 
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the GlN2ECt IRES vector can produce a functional retroviral 
:^:tor particle, t.at can productively transfer and expreae a 
IRES/reporter gene in an appropriate target cells 

Next we constructed a retroviral vector contaxning the EMC 
IKES 1 n^;d to the 0-galactosidase reporter gene. The GlN2EBg 
v^^tor was transfected into a packaging cell line coculture with 
XZol. and OlNaSvBg serving. as controls. rollowing a two wee. 
c^ture to permit vector spread, the producer cells were assayed 
f^r fi-galacLsidase activity by an in situ en.y^e activity assay. 
E ;.re Shows numerous blue staining cells in t>^« 
Sifpositive control GlN2SvBg cultures with no staining cells in 
the DiMl-Bgal negative control culture. 

rtr!™ral!vector-containing producer cell supernatant was then 

to transduce NIH/3T3 cells. The cells were harvested S da s 
post transduction the cells were harvested and assayed for B-gal 
°T,X. Functinal transfer to 3T3 cells of the B-,alactosidas 
Activity was detected by i. .1^ -^-^-^^ tT 
and then ..antitated by measuring l-l^^J-;:^%Z Z^^:::-^ ^ 
extracts; which was shown to be 7^ x lu u/mg 
V lO^U/mg for GlN2SvBg. 

L'stLtion of an KHC h^an vector. To -^luate the use of 
TEES elements in the construction of retroviral vectors for 
Sential human gene therapy applications, a fusion between the 
IBES and the human adenosine deaminase <M>A, gene was 

^ ^ Ar^i-r^ a -retroviral vectors. A DNA 
ac^aembled and introduced into a rerrovxi^cix 

f ag::nt containing the EMC IBES was synthesized via polymerase 

n„„ rpcRl amplification with the addition of 
chain reaction (^'^^'^"P"; ^^^^ ^„ g,„,„te a plasmid (pEMC-E) 
convenient clon^g ^^^"^^ithout flanging X7 R«A polymerase 
rairtirrglai: ^e human gene was then synthesized, 

Tgam using .CR. and cloned into the H«C ^^^-^^^l^-'' 
!=d.irt: rrtr :: II Terrtl. yieldmg OlKaE. <Eig.3>. 
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DNA for the GlNaEA vector and the control ADA vector SAX 
(20), were then used to generate retroviral producer cell lines 
Producer cell cocultures were grown for 1 week in standard 
culture medium and then selected for stable vector integration by 
culture for 2 weeks in the presence of the neomycin analog G418 
The selected (G418 ) producer cell populations were then used to 
generate vector containing supernatant for titer determinations, 
and subjected to gene expression analysis. 

Figure 3, panel A shows the results of ADA starch gel 
analysis on the GINaEA producer cells (lane 2) and SAX control 
producer cells (lane 1), both producer cell populations make 
large amounts of human ADA. Northern blot analysis (Fig.3, panel 
B), was then used to visualize the RNA transcripts from the two 
vectors. For SAX, a full length LTR transcript as well as the 
internal SV40 transcript are seen with the ADA probe while only 
the full length transcript is observed with the neo probe (lanes 
1 and 3). In the case of GINaEA, only one full length transcript 
is Identified by Northern blot analysis with either the ADA or 
NEO probe (lanes 2 and 4). 

Retroviral vector-containing supernatant from the producer 
cell populations were then used to transduce NIH/3T3 cells as 
well as determine. the vector titer on 3T3 cells. Both producer 
cell populations yielded good titer vector supernatants with SAX 
being 1.9 x 10 G418^ cfu/ml and GINaEA being 1.2 x 10^ G418^ 
cfu/ml. The 0418^ 3T3 cells were next assayed for ADA activity. 
ADA starch gel analysis demonstrated functional transfer of the 
human ADA gene into the 3T3 cells by the GINaEA IRES vector 
(Fig.3, .panel A, lane 5). In this experiment, the 3T3 cells 
transduced. with control SAX vector produced only slightly less 
human ADA than the IRES vector (Fig. 3 ,. panel , lane 4). 

Construction of triple gene vectors. To test the 
versatility of IRES elements in the construction of complex 
retroviral vectors, we inserted the EMC/ADA fusion gene into two 
independent double gene vectors to generate three gene vectors. 
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r..r^..r ,en. (21). The BMC/ADA fra^ent was i-^^"^"-^;^^^; 
SCD4 translation stop codon and S' to the start of th. SV40 
promoter to generate LSCEASN (Fig. 4). LSCEASN DNA was 
transfected Into a paCcagin, cell line coculture wMch was grown 

: ne wee. .efore .eing passaged, at limiting ^ 
0418-containing medium. Twelve 0418'^ producer cell 
synthesize both the human ADA enzyme and produce the sCD4 protein 

second two-gene retroviral vector used as -^P-^ 

rMc^•^- a vector which uses the biK 
4-i,« TTMr/AnA fraqment was LNSCt, a vecx-oi 

the EMC/ADA iragm ^ , ^ ^„ Internal SV40 promoter directing 

drive NEO expression and has an internal i^v^u p 

«-iL EMC/ADA was inserted 3' to the NEO gene stop 
CAT expression. EMC/aua was rxiFASCt 
codon and upstream of the 8V40 promoter to 

(Eia 5) LNEASCt DNA was transf acted into packaging cells 
lulturld for one. week, and then 0418=^ producer cell clones were 
: fated hy limiting dilution. Twelve producer cell --" J" 
expanded and used to isolate vector containing ="P--^*="* ^° 
IXr^ine 0418^ titer, and analyzed for hoth CAT and 
expression. Figure S shows that all twelve producer = 
ha^ hoth CAT (panel A, and human ADA (panel B ^n-^* ^-^^^^ 
The titer from the twelve clones ranged from 4 x 10 
for clone 10 to 4 x 10^ G418^ cfu/ml for clone 4. 

Retroviral vector-containing supernatant from each of the 
twelv^ L^IsCt producer cell clones was then used to 
:::/3T3 cells. Twelve =41S« 3T3 cell cultures were expan ed an 
assayed for CAT and human ADA enzyme activity. ^^'^^ 
documented in 12 of 12 3T3 cell cultures (F.g 6 panel A, and 

, . o Q -hested cultures ^cig. 

human ADA activity observed in 9 out of 9 testea 

1 in this particular series of transcuctions , both 

6, panel B) . In this p ^ noticeably lower in 3T3 

CAT and human ADA enzyme -f^^^^^^^;^^ 
cells than in producer cells (Fig. 5). Anaiysi 
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in 3T3 cells generated using the Da^Pn^ i-^^ 
. ^ . . ^ parent two gene vector LNSCt 

s'wir:::" t ^"^'-"-^ ^^^^ ^^-^ part.=.,: r 

construction o£ a Polio ires veotor. m the next series of 
experiments, „e isolated the IRES £ro. poUovirus and used it to 
construct a retroviral vector. PCR was used to generate a 
fragment contain the 600 bp ires element from the S' untranslated 
region of poliovirus (Mahoney strain,. The polio IREsCasL 
inserted 3' to the .EO s.. p codon and upetrlam of a Cr ep rt^er 
ene to generate .WPCt. Xhis vector along with a similar EMC 

LCSNr" r ' '^'^^ -"^-l vector 

LCSN), and vector containing CAT but no IRES sequences 

(ClNaNEct, were transfected into packaging cell c^.es XHe 

ultures were grown for one wee. in standard mediu. and Len 

selected for vector containing cells b, growth for two wee. in 

G418 containing culture medium. Completely selected cultures 

were then harvested and assayed for CAT en.yme activity 

" 1 atfilTot^r^Il^r"" -notions s 

well as (if not slightly better than, the EMC IRES. Both IRES 

vectors^ compared favorably witl, the CAT activity driven by^e 

strong LTR promoter (LNPCt TOj; and clKECt 50^ of ,ctSN,. A small 

amount Of CAT activity is seen in the construct without an IRES 

element (GlNaENCt,. This limited activity may be due to 

initiation at internal AUG codons. as has been previously 

reported In retroviral vectors (221 anrt (-K. >. . 

, , '■^■^> the mechanism of this 

leaky expression is under investigation. 

While the present invention has been described in 
conjunction with specific embodiments thereof, it is evident that 

Record! ly. the Invention Is irL^: tTe:::::^:!/:!"-"- 

IITIZTZ variations in following within 

the broadest scope and spirit of the following claims. 
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modifications and variations of the present 
Numerous moaixicaT-j.t-'"= 

.,-hl_e in light of the above teachings, and are 
invention are possible in lign claims the invention 

therefore, within the scope of the Appended Claims, the 
ZL practiced otherwise than as particularly described. 
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We claim: 

1- A retroviral vector comprising: 

a first DNA sequence encoding a first protein to be 
expressed, 

a second DNA sec^ence encoding a second protein to be 
expressed, 

a first pro,noter sequence for expressing „RNA from both 
the first and second DNA sequences and an internal 
rlbosome entry site between said first and second DNA 
sequences, said promoter sequence, the first DNA 
sequence, the internal ribosome entry site and the 
second DNA sequence being operably linked in said 
retroviral vector to produce polycistronic mRNA and 
expression of first and second independent proteins 
from said mRNA expressed by said promtoer 

2. A retroviral vector as in Claim 1 wherein said promoter is 
comprised of LIR sequences from a retroviral genome 

3. A retroviral vector as in Claim 1 wherein said internal 
rlbosome entry site is from a picornavirus . 

internirT"' " P-ornavirus 

internal ribosome entry site is from encephalomyocarditis virus 
5. A retroviral vector as in claim 4, wherein said 
encephalomyocarditis virus < n+-o»-r,r. i 

nucleotide nos. 163 tl vL. '"'"^^ 

LernaTriTos"' " Picornavirus 

internal ribosome entry site is from poliovirus 

InternarT"' " ^^'^ P^^^ovirus 

internal ribosome entry site has nucleotide nos. 28 to 640 

vsct" oT^'ir" -"^^^"^^^ the retroviral 

9. A human cell genetically engineered using the retroviral 
vector of claim 1. 
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10 A process for constructing a retroviral vector capable of 
producing polycistronic mRNA and expressing two independent 

proteins, comprising: t-st 
operably linking a first DNA sequence encoding a first 
protein to be expressed, a second DNA sequence encoding 
a second protein to be expressed, a first promoter 
sequence for expressing mRNA from both the first and 
second DNA sequences and an internal ribosome entry 
site between said first and second DNA sequences. 

11. A process as in Claim 10, wherein said promoter is comprised 
of LTR sequences from a retroviral genome. 

« -ir, riflim 10 wherein said internal ribosome 

12. A process as m Claim j-u, wn^i-cu. 

entry site is from a picornavirus . 

4 r-T^-in, ^7 wherein said picornavirus internal 

13 A process as in Claim 12, wnerein 

ribosome entry site is from encephalomyocarditis . 

14 A process as in Claim 13, wherein said encephalonyocarditia 
in;ernal ribosome entry site has nucleotide nos. 

15. A process as in Claim 12, wherein said picornavirus internal 
ribosome entry site is from poliovirus. 

16 A process as in Claim 15, wherein said poliovirus internal 
ribosome entry site has nucleotide nos. 28-640. 

17. An animal cell genetically engineered using the retroviral 
vector produced from the process of Claim 10. 

18. An human cell genetically engineered using the retroviral 
vector produced from the process of Claim 10. 
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SV40 ADA 
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B. ADA NEO 
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LSCEASN 



LTR 



sCD4 



EMC 



ADA 



SV40 NEO 



200 bp 



Clone #: 1 2 3 
SCD4*: 24 28 34 



4 5 6 

30 31 33 



7 8 9 10 1112 

37 34 36 33 35 30 



-Hu 
-Mo 



HM 



'ng/ml/1x10Q cells/24 hr 
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LNEASCt 



NEO EMC ADA SV40 CAT 



200 bp 



1 2 3 4 5 6 7 

Titer 5 8.5 40 20 6 8 29 
(105/ml) 



8 

2 



1.5 0.4 
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10 11 12 



4.5 



B. 



— Hu 



CI 2 3 4 5 



7 8 9 10 11 12 
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